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die early of massive PTE, delayed death may result from
recurrence of previously silent, unsuspected PTE.7 This
fact emphasizes the importance of correct diagnosis,
because an adequate anticoagulant therapy reduces the
mortality rate to 2.5% to 3.0%.7-9
Because PTE is still an underdiagnosed disorder10 and
strategies of therapy should be adapted to the extension of
the thrombotic disease, finding positive evidence of PTE
may be a critical point to ensure adequate therapy. Two
common mistakes should be avoided: the first is under-
treatment of silent embolism, and the second is aggressive
treatment of presumed progression of PTE. On the other
hand, the morphologic changes directly available on spiral
CT arteriograms are expected to improve our knowledge
on the evolution of PTE. We performed a prospective
study with objective low-cost and low-risk diagnostic
methods used with the aim to evaluate the prevalence,
evolution, and possible therapeutic implications of silent
PTE in the course of acute DVT of lower limbs.
PATIENTS, MATERIALS, AND METHODS
From January 1998 to December 1999, 162 consecu-
tive patients with symptomatic acute lower limb DVT that
was confirmed by duplex examination in our vascular lab-
oratory and no pulmonary artery symptoms were consid-
ered for entry into the study. Patients were excluded if
they had hypersensitivity to intravenous contrast material
The incidence of deep vein thrombosis (DVT) in the
United States is about 159 per 100,000, or about 398,000
per year. The overall incidence of pulmonary embolus (PE)
is about 139 per 100,000, or 347,000 per year (clinical
data) and about 235,000 deaths per year (autopsy data).1
Both locations, lower limb and pulmonary, are manifesta-
tions of venous thromboembolic disease, and the expres-
sion pulmonary thromboembolism (PTE) includes the PE
and the thrombus formed in the pulmonary arterial tree,
two entities clinically not distinguished.2
Symptoms and signs of PTE are nonspecific, and no
laboratory tests provide accurate evidence, thus their diag-
nosis relies heavily on imaging techniques.3 Spiral com-
puted tomographic (CT) pulmonary angiography is a new,
highly sensitive strategy for detecting PTE.2,4,5
Untreated, clinically apparent PTE has been associated
with a 30% hospital mortality rate.6 In patients who do not
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Purpose: This study was carried out to evaluate the prevalence and extension of pulmonary thromboembolism (PTE) in
symptom-free patients with symptomatic deep venous thrombosis (DVT) of lower limbs and to evaluate their possible
implication in the adequate treatment of thromboembolic disease.
Material and Methods: We prospectively studied, using noninvasive examination (pulmonary spiral computed tomogra-
phy [CT] angiography), 159 consecutive patients with acute DVT confirmed by duplex scanning without symptoms of
PTE. CT was repeated at 30 days to study evolution of these clinically occult PTE.
Results: We observed silent PTE in 65 patients (41%) in all levels of lower limb venous thrombosis. Prevalence of PTE
showed significant association with male sex (P = .001) and previously diagnosed heart disease (P = .023). There was
no significant association between the level of DVT and the presence of PTE nor the DVT side and thromboembolic
pulmonary localization. Of the 65 patients with positive CT exploration results for PTE, 52 had characteristics of acute
PTE, 10 had chronic PTE, and 3 patients had both. Chronic PTE was found more frequently in patients with previ-
ous episodes of DVT (P = .024). A total of 165 pulmonary artery–affected segments were found at several locations:
5 main, 35 lobar, 58 interlobar, and 67 segmental. Multiple segments were affected in 59% of patients. Repeat CT
examinations were performed at 30 days in 53 of 65 patients with positive CT scanning results. In 48 cases (90.6%)
PTE had completely disappeared.
Conclusions: Silent PTE occurred frequently in association with clots of lower limbs. The CT scan had a good avail-
ability and cost-effectiveness to detect clinically underestimated PTE. The incorporation of this exploration in the sys-
tematic diagnostic strategy of most patients with DVT to establish the extension of thromboembolic disease at
diagnosis may be useful in the evaluation of added pulmonary artery symptoms and treatment strategies. (J Vasc Surg
2001;33:515-21.)
or impaired renal function or were pregnant. Patients
appropriate for the study were asked to give their
informed consent and were evaluated with CT within 24
hours after undergoing duplex venous examination.
Duplex venous examinations were performed with a
Philips P-700 duplex scanner (Philips, Santa Ana, Calif),
with a 5- to 7.5-MHz probe. Iliac, common femoral,
superficial femoral, popliteal, tibial, and peroneal veins
were routinely examined. The standard findings of incom-
pressibility and absent or diminished Doppler signals were
analyzed.12
CT scans were performed by use of the spiral tech-
nique with an X-press GX helical scan (Toshiba, Otawara-
Shi, Japan), during a single breath-hold period. The entire
lung was initially examined by contiguous 5- to 7-mm no-
contrast scans through the thorax to identify pleural or
parenchymal disease. A low-osmolarity, 30% iodinated
nonionic contrast agent 120 to 150 mL was administered
into a peripheral vein with an automatic injector at a rate
of 3 to 4 mL/s. After administration of contrast, cranio-
caudal scanning from the level of the aortic arc to the infe-
rior pulmonary veins with 3-mm sections followed by
5-mm sections to the lung bases reconstructed every 4
mm was done to evaluate the pulmonary arterial tree.13
The subsegmental level was visualized when possible but
not scored for this study because of the lower sensitivity of
spiral CT at this location.5,14
The CT exploration is considered positive for pul-
monary thromboembolism solely on the basis of the pres-
ence of one or more intraluminal filling defects in the
pulmonary arteries3 or complete/incomplete obstruc-
tion.4,9,15 In our institution, sensitivity of CT for diagno-
sis of PTE is 86.7%, the specificity is 96.5%, the positive
predictive value is 94.8%, and the negative predictive value
is 90.3%.
PTEs were classified as acute (filling defect was viewed
with contrast tracking around the defect) and chronic
(eccentric thrombus continuous with the vessel wall).16 The
pulmonary PTE localization (main, lobar, interlobar and
segmental), side, and number of PTE segments were regis-
tered. Other thoracic findings were recorded separately.
The explorations were examined by two radiologists,
one of whom was not involved in the study. The overall
quality of the CT images was judged to be adequate for
interpretation in all patients. In one woman who was
unable to hold her breath, although the quality of the
images was reduced, it was good enough for evaluation.
Concordance between observers was evaluated with the
kappa index. Kappa index for PE reached 0.940. Kappa
index for central versus peripheral PE was 0.938.
Pulmonary arteriography was not used to confirm
PTE found in CT scanning because this exploration is
invasive, and we decided that the added risk was not justi-
fiable in symptom-free patients. Angiography was reserved
for patients with development of pulmonary-related symp-
toms after initiation of therapy.
The second aim of this study was to observe the evo-
lution of the PTE. Thus a repeat pulmonary CT scan was
performed at 30 days’ follow-up in patients with positive
initial CT results and at any time thereafter if symptoms
developed. The findings were scored according to the
quantitative (number of segments affected) and qualitative
(resolving clots were seen as eccentric wall-adherent filling
defect or filling defects with central contrast material) evo-
lution compared with baseline CT and summarized as nor-
malized, improved, unchanged, or deteriorated.
The cost of each diagnostic CT procedure was calcu-
lated by use of local public hospital cost accounting data,
including personnel cost (physicians, nurses, technicians,
administrative), equipment cost (maintenance, deprecia-
tion, housekeeping, management), supplies and devices
(catheter, contrast material, photographic material), and
service costs (installations, sterilization, telephones). The
total cost was divided by the total number of CT explo-
rations performed in the Radiology Department.
All patients were treated after diagnosis of DVT with a
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Table I. Risk factors and predisposing conditions according to the ISCVS/NAC classification and incidence of occult
PTE in patients with DVT
Score
No. of patients (PTE cases ) 0 1 2 3 4 P value
Prior history of DVT 133 (55) 3 (1) 19 (8) 4 (4) NA ns
Immobilization 105 (45) 1 (1) 53 (22) 0 NA ns
Postoperative state 137 (59) 2 (1) 7 (3) 13 (5) NA ns
Age (y) 17 (3) 63 (26) 79 (39) NA NA ns
Malignancy 127 (56) 27 (9) 0 5 (3) NA ns
Tissue type of malignancy 137 (60) 22 (8) NA NA NA ns
Heart disease 155 (90) 2 (2) 2 (2) 0 NA ns
Limb trauma 147 (65) 4 (1) 3 (1) 3 (0) 2 (1) ns
Prethrombotic state 128 (57) 23 (9) 3 (1) 5 (1) NA ns
Hormonal therapy 148 (64) 11 (4) NA NA NA ns
Pregnancy and postpartum state 158 (68) 1 (0) NA NA NA ns
Obesity 141 (64) 18 (4) NA NA NA ns
No. total patients = 159. No. total of PTE = 68 (55 acute + 13 chronic).
NA, Not applicable; ns, not significant.
low-molecular-weight heparin, nadroparin calcium (Fraxi-
parine) administered subcutaneously twice at day with a
fixed dose adjusted to body weight. Anticoagulation with
nadroparin or acenocoumarol (Sintrom) was continued for
at least 3 months. Elastic stockings were provided in all
cases. No surgical interventions were carried out.
Statistical analysis was performed with the SPSS 8.0
statistical package (SPSS Inc, Chicago, Ill) for Windows
98 and Microsoft Excel. A P value less than .05 was con-
sidered significant. The tests used were the χ2, the Fisher
exact test, and risk estimations for retrospective analysis of
factors.
RESULTS
Patients. During the 48 months of our study, 162
consecutive patients with DVT confirmed by use of duplex
scanning but without clinical evidence of PTE were con-
sidered for entry into the study. Of these eligible patients,
three were excluded, one because of oliguria (creatinine
level > 200 µmol/L), another because of previous severe
allergic reaction to intravenous contrast medium, and one
because of pregnancy.
The 159 patients included in the study ranged in age
from 17 to 91 years (mean, 63.8 years). The group was
composed of 71 (44.6%) women and 88 (55.3%) men.
The thrombi involved the right limb side in 71 patients
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and the left side in 88. One hundred fifty-one patients
(95%) had proximal DVT: 75 iliofemoral, 50 femoro-
popliteal, and 26 popliteal. Infrapopliteal DVT was pres-
ent in eight (5%) patients.
Risk factors associated with DVT and PTE, according
to the classification of the Society for Vascular Surgery and
International Society for Cardiovascular Surgery, North
American Chapter,17 are summarized in Table I.
PTE diagnosis. In 65 patients (40.9%) PTE was diag-
nosed: 52 had acute PTE, 10 had chronic PTE, and 3
patients had both. The influence of several characteristics
of patients and level of DVT in the diagnosis of occult
acute and chronic PTE are sumarized in Table II.
PTE was found more frequently in men (52.3%) (35
acute PTE, 8 chronic, and 3 both) than in women (26.8%)
(17 acute and 2 chronic PTE); the difference was statisti-
cally significant (P = .001). Acute PTE was associated with
previously diagnosed heart disease, irrespective of clinical
status (P = .023). The incidence of chronic asymptomatic
PTE was higher in patients with a history of DVT (P =
.024). In the positive CT study results for PTE, a total of
165 pulmonary segments showed clots: 5 main, 35 lobar,
58 interlobar, and 67 segmental localization (Table III).
PTE was observed in multiple segments in 58.8% of
pathologic CT examinations. The number of segments
affected was distributed as follows: one segment in 26 of
Table II. Risk factors and DVT characteristic conditions associated with silent PTE in patients with DVT
Characteristics No. of patients Acute PTE P value OR Chronic PTE P value OR
Age
< 40 y 17 3 ns 0 ns
41-70 63 19 ns 7 ns
> 71 79 33 ns 6 ns
Sex
Male 88 38 .011 2.41 11 .039 4.93
Female 71 17 .011 0.41 2 .039 0.2
DVT level
Iliofemoral 75 24 ns 8 ns
Femoropopliteal 50 20 ns 3 ns
Popliteal 26 8 ns 2 ns
Infrapopliteal 8 3 ns 0 ns
DVT side
Right 71 19 ns 8 ns
Left 88 36 ns 5 ns
Risk factors
History of DVT 23 8 ns 5 .024 4.44
Immobilization 54 20 ns 3 ns
Postoperative state 22 8 ns 1 ns
Malignancy 32 11 ns 1 ns
Adenocarcinoma 22 7 ns 1 ns
Previous cardiac disease 26 14 .023 2.69 2 ns
Previous chronic lung disease 11 6 ns 0 ns
Limb trauma 12 3 ns 0 ns
Hypercoagulability status diagnosed 10 (36)* 3 ns 0 ns
Hormonal therapy 11 3 ns 1 ns
Pregnancy 1(15)† 0 0
Obesity 18 3 ns 1 ns
No. total patients = 159. No. total of PTE = 68 (55 acute + 13 chronic).
*10 of 36 hypercoagulability studies.
†1 of 15 women < 50 years.
65 patients (40%); two segments in 30 (46.1%); three seg-
ments in 6 (9.2%); four segments in 2 (2.1%); five seg-
ments in 0; and six segments in 1 (1.5%).
Thromboembolism was found more frequently on the
right pulmonary side (64.6%). The side and extent of
DVT were not associated with PTE side.
Other pulmonary pathologic findings were observed
in 44 (27.5%) CT explorations. Twenty-two were unre-
lated to PTE, and 22 were associated with PTE. No
parenchymal or pleural findings at CT were associated
with existence of PTE (Table IV).
The cost of CT was $50.17 per test (8529 pesetas).
Because 159 patients were studied, total cost of thoracic CT
would be 1,356,111 pesetas. The cost ratio of each PTE
diagnosed was $123 (20,863 pesetas) in the study group.
Clinical evolution. During the study period two
patients (1.2%) had development of thoracic pain
episodes: a 37-year-old man with iliofemoral DVT and
normal initial CT scanning results at the second day of
treatment and a 65-year-old man with femoropopliteal
DVT and left segmental PTE at the eighth day of antico-
agulation. A repeat CT scan result was normal in both
patients, and the pulmonary angiography showed no evi-
dence of any PTE.
PTE. At the final time point, 1 month after diagnosis,
CT scanning was performed in 53 of 65 patients with PTE
(81.5%). In 48 cases (90.6%) CT showed that pulmonary
thromboses had completely dissappeared. Residual throm-
bus, improved with respect to baseline CT, was found in
five explorations (9.4%) (Table V): three patients with
acute PTE showed a reduction in the number of affected
segments compared with initial examinations, and two
patients with chronic PTE showed significantly decreased
clot size. Two patients showed previous acute multiseg-
mental bilateral PTE, one previous main and right interlo-
bar PTE, and in two patients chronic thromboembolism
was diagnosed. All residual PTE was found in patients
receiving long-term oral anticoagulant treatment (98
patients), but the difference with treatment with low-mol-
ecular weight heparin (LMWH) (61 patients) was not sig-
nificant (P = .085).
DISCUSSION
Some noninvasive, rapid, low-cost, and easy methods
are being used with increasing frequency to allow greater
accuracy in diagnosis of DVT and PTE with minimum dis-
comfort for patients to avoid the difficulties of clinical diag-
nosis of venous thromboembolic disease resulting from
nonspecific symptoms.18,19 In this study we used objective
methods for clot detection. Diagnosis of leg thrombosis
was confirmed by duplex examination, and PTE was
detected by spiral CT scanning. Duplex scanning has a 94%
sensitivity and almost 100% specificity in patients with
symptomatic proximal DVT.5 Recently, sensitivity of color
flow Doppler ultrasound scanning for infrapopliteal DVT
has been reported to be as high as 98%.20
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Table III. Location of pulmonary segments involved by thromboembolism according to lower limbs thrombosis level
DVT
Iliofemoral Femoropopliteal Popliteal Infrapopliteal Total
Acute PTE
Main 1 2 0 0 3
Lobar 13 14 3 0 30
Interlobar 24 17 4 1 46
Segmental 23 21 11 2 57
Total (%) 61 (44.8) 54 (39.7) 18 (13.2) 3 (2.2) 136
Chronic PTE
Main 2 0 0 0 2
Lobar 2 1 2 0 5
Interlobar 9 1 2 0 12
Segmental 5 5 0 0 10
Total (%) 18 (62) 7 (24.1) 4 (13.7) 0 29
Pulmonary segments 79 (47.8) 61 (36.9) 22 (13.3) 3 (1.8) 165
Table IV. Frequency of pulmonary pathology in CT
examinations
PP PP + PTE
Malignancy (n = 10)
Lung cancer 3 1
Metastasis breast cancer 1 2
Metastasis prostate cancer 0 1
Lymph nodes 1 1









Miscellanea (n = 14)
Nonspecific lymph nodes 4 0
Pleural effusion 2 4
Hiatal hernia 1 1
Constricting pericarditis 0 1
Thoracic aortic aneurysms 1 0
PP, Pulmonary pathology.
Our institution’s CT sensitivity, specificity, positive
predictive value, and negative predictive value for diagno-
sis of PTE with spiral CT angiography in main, lobar, and
segmental pulmonary arteries were in accordance with
described in the literature.3-5,15,21,22 Sensitivity is lower
when pulmonary emboli are confined to subsegmental
pulmonary arteries,14 but the clinical significance of such
lesions remains unclear19 and probably has limited clinical
importance.23
Spiral CT scanning has the additional advantage of
assessing the pulmonary parenchyma and the vasculature
of the lung and also allows evaluation of the mediastinum.
In 27.5% of patients, abnormalities other than PTE were
found in association with or independent of thromboem-
bolism, a similar incidence to what has been previously
reported.3
In our patients, we found that 41% had silent throm-
boembolic pulmonary affectation, higher than the 0% to
12% PTE incidence detected with perfusion lung scanning
studies performed in clinically symptom-free volunteers24
and the 1% of incidental pulmonary emboli detected in
patients who underwent thoracic helical CT scanning.25
Our results are consistent with the higher incidence of
occult PTE in patients with DVT reported in the literature,
between 34% and 50% detected with ventilation/perfusion
lung scanning26-30 and 34% to 47.1% with CT scan-
ning.9,31
Experimental pulmonary artery occlusion in animals
and known effects after pneumonectomy have shown that
a significant proportion of the pulmonary vascular bed
must be occluded before a significant change in pul-
monary artery pressure or cardiac output occurs.32 The
individual and unpredictable response to occlusion of pul-
monary vasculature, which depends more on the increase
in vascular resistance and cardiopulmonary reserve before
the thromboembolic event2 than on the extension and
location of clot, may explain the high incidence of PTE in
our patients without pulmonary symptoms, even with
major radiologic findings or previously diagnosed heart
disease in whom a lower cardiac reserve was presumed.
Our results confirm that no correlation exists between
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location, extent of thrombi, and clinical pulmonary symp-
toms.9,29
Although the prevalence related to sex is unclear in the
literature,33,34 PTE and death were usually reported to be
more frequent in men.35,36 In our study male sex was
found to be a risk factor for PTE, but we have no expla-
nation for that.
Silent PTE was most often found in the lower lung
lobes and in the right lung, according to previous
reports37; probably this may have been due to simply
anatomic reasons. When a large primary thrombus is
formed in the pulmonary tree or an embolus dislodges
from its site of origin and is carried through the venous
system and the right side of the heart to the pulmonary
arterial circulation, it may stop at the bifurcation of the
pulmonary trunk. The embolus may also become frag-
mented in the right ventricle, which results in multiple
smaller emboli. We found five main PTE, but the multiple
segment location was the most common finding in our
study.
The association between DVT and PTE has long been
recognized,18,38 and frequently they have been viewed as
distinct clinical entities, but nowadays the two conditions
are considered to be different expressions of the same
thromboembolic disease.5,9,11,19,28,32 In our study, all
patients were given LMWH when DVT was confirmed,
because we think that it is the presence of clot, irrespective
of their level or extension, that leads to indication for anti-
coagulation.
A greater, but not statistically significant, incidence of
affected pulmonary segments was found in iliofemoral and
femoropopliteal DVT localizations (48% and 37%, respec-
tively). Previous studies with other diagnosis methods
indicate that thrombi limited to the calf rarely result in
pulmonary emboli,39,40 and this location has been com-
monly considered a benign condition concerning this
complication. Although PTE were found in our observa-
tions in only 2.2% of calf DVT cases, these data indicate
that a low but significant risk of PTE definitely exists and
seem to indicate that all distal DVT should be treated, as
long as further investigations do not show with firm data
Table V. Persistent PTE findings in five patients undergoing follow-up CT scanning
Sex Age Risk factors PTE Localization Initial CT Control CT
M 75 Unknown Acute Bilateral Main bilateral
Right (interlobar, apical segment 
of upper lobe)
Segmental branches of lower lobe Right (segmental 
branches of lower lobe)
Left (descending, segmental branches 
of lower lobe)
M 76 Malignancy Chronic Right Right main Right main
M 76 Heart disease Chronic Left Segmental branches of upper lobe Segmental branches of 
upper lobe
F 86 Heart disease Acute Bilateral Right (interlobar) Right (interlobar)
Left (descending, segmental branches 
of upper lobe)
M 72 Hypertension Acute Right Right (main, interlobar) Right (interlobar)
that these PTE resolve spontaneously, do not recur, and
are not relevant for the patient’s outcome without antico-
agulation therapy. Accurate evaluation of pulmonary ves-
sels may be an important aid to avoid undertreatment in
isolated calf vein thrombosis when the indication of anti-
coagulation or decision to discontinue treatment was
based solely on the aisle and distal DVT location.
CT and pulmonary angiography performed 8 days
after initial diagnosis showed complete resolution of a pre-
viously diagnosed segmental PTE in one symptom-free
patient in whom symptoms developed during anticoagula-
tion. We have interpreted that as quick resolution of
thrombus in pulmonary vessels; thus this probably implies
that when correctly diagnosed and treated, PTE is not as
lethal as previously considered, but rather it follows a favor-
able course, as previously was hypothesized.5,25,28,41,42 At
1 month follow-up, CT studies performed in patients with
PTE showed resolution or reduction of the thrombi.43,44
Previous studies had reported the efficacy of
nadroparin in the initial treatment of pulmonary throm-
boembolism.45,46 Our results suggest that PTE evolution
was probably more favorable when LMWH rather than
oral anticoagulant was used for long-term therapy, but
because the study was not designed to compare two treat-
ment regimens, further studies will be necessary to con-
firm these findings.
Although the optimal duration of the secondary pre-
vention therapy is not yet established, we adjust this dura-
tion according to the presence of temporal, persistent, or
unknown risk factors.47 The quick PTE resolution found
before the end of the scheduled long-term therapy course
seems to indicate that the presence of pulmonary affecta-
tion alone should not necessarily influence the duration of
anticoagulation.
Frequently, patients having a recent history of DVT
who have chest pain or respiratory symptoms are assumed
to have PTE. These patients are at definite risk for being
overtreated if the pulmonary symptoms are erroneously
attributed to failure of anticoagulant treatment. Having an
initial CT examination makes interpretation of these respi-
ratory symptoms much easier. Perhaps chest pain may be
due to pleural irritation from a previous PTE being pres-
ent before treatment or other abnormalities. Measures
such as avoiding smoking, administering antibiotics for
lung infections, or treating hiatal hernia to avoid risk of
microaspirations should be established, rather than assum-
ing that therapy has failed and then overtreating the
patient with measures such as long-term/permanent anti-
coagulation or placing a filter into his vena cava.
Because CT scanning allows us to perform serial lung
studies while maintaining low complication rates, this pro-
cedure may be used to evaluate medical, radiologic, or
surgical alternative treatments for thromboembolic dis-
ease, as well as different modalities of medical therapy (eg,
daily or twice daily LMWH administration).
CT scanning is permanently available in our hospital
(Spanish National Health Service) and had a low cost;
thus, we considered it as an approach that accomplishes
the desired diagnostic effect with low cost (cost minimiza-
tion).48 Incorporation of CT scanning exploration is a
safe, cost-effective, and useful alternative in our systematic
diagnostic strategy of patients with DVT to determine the
extent of the thrombotic disease at initial diagnosis.
Because there were considerable international differ-
ences in costs of diagnostic procedures,49 the implications
of our results for routine clinical practice will be depen-
dent on the availability of equipment, patient outcomes,
and specific costs involved in each hospital.
We acknowledge the collaboration of Gloria Lozano
and Adela Martinez, Vascular Laboratory technicians, and
the secretarial assistance of Rosa Bernardo.
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